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P277 – Table 1. ICP Errors and Number of Iterations Until Minimum Error
Classic Random Normals
Translation/Rotation Error (mm) # Iterations Error (mm) # Iterations Error (mm) # Iterations
0.25mm/0.25deg 0.136 20 0.111 14 0.171 4
0.5mm/0.5deg 0.242 51 0.114 41 0.151 11
1.0mm/1.0deg 0.822 77 0.139 123 0.640 8
1.5mm/1.5deg 0.866 133 0.119 173 0.648 10
2.5mm/2.5deg 2.639 70 0.093 380 0.539 21
5.0mm/5.0deg 4.167 192 0.685 598 2.941 27
Fig. 1
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Results: The classic and normals ICP algorithms were prone to
incorrect alignments resulting in errors exceeding 1mm (Table 1).
The random ICP had the lowest reproducible error, but the high-
est number of iterations. The noisiness of the random algorithm
resulted in the error metric fluctuating about a local minimum
without converging (Fig 1). While prone to inaccuracy, the nor-
mals ICP algorithm was the fastest technique and generally
offered a moderate error metric. The classic ICP demonstrated
the largest error of all the ICP variants except when closely
aligned.
Conclusions: It is feasible to match CT and MR-based data
together (Table 1) but the choice of algorithm radically affects
the accuracy of the match and computation time. The subtle dif-
ferences between the larger convex bone and smaller concave
cartilage make registration difficult, computationally expensive
and prone to error, thus the two meshes must be manually
aligned as close as possible prior to performing the registration.
The random ICP should be employed for registering geometrical
point clouds of cartilage and underlying bone as it produced a
low, reproducible error in all test cases. The normals ICP algo-
rithm should be employed if speed is required and a moderate
error is acceptable. The resulting shape-matched images have
the potential to show and quantify the changes in both bone
density and cartilage morphology that characterize progression
of osteoarthritis.
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Purpose: Changes in the subchondral bone are central to os-
teoarthritis (OA) pathophysiology but measurement of this region
is challenging. Trabecular bone has been assessed using high
resolution MR with axial 3D acquisitions at 1.5T but regional
artifacts in the subchondral bone limit their utility. 3D acquisi-
tions in the coronal plane may be feasible at 3T providing more
pertinent visualization of subchondral bone as 3T MR systems
allow higher spatial resolution and high contrast-to-noise (CNR).
Our objective was to determine the optimal trabecular bone MRI
parameters for coronally acquired images and to assess their
interpretability.
Methods: We sought volunteers ≥ 40 years old without inflam-
matory arthritis, arthroplasty or MRI contraindication. We used a
Siemens Trio 3T MRI with a USA Instruments quadrature trans-
mit/receive knee coil. Starting with previously published 1.5T
parameters we optimized the sequences at 3T to maintain spa-
tial resolution and minimize scan time. We systematically varied
the flip angle between 10 and 70 degrees using a TR of 20 msec
and a 3D gradient echo sequence.
Each participant had one scan of each knee. Each set of 3T
MR images acquired using the optimized parameters was eval-
uated qualitatively and quantitatively using Analyze© software.
We placed an anatomically-standardized medial tibial region of
interest (ROI) box systematically on all coronal slices that im-
aged subchondral bone. The ROI on each slice was assessed
for mean and maximal marrow signal. The "bone signal" was cal-
culated for each ROI as 1-(mean marrow signal/maximal marrow
signal). Bone signal topography (BeST) reflecting "bone signal"
on each coronal slice was performed on each knee.
Results: The optimized parameters were 1mm slice thickness,
in-plane spatial resolution of 0.2 mm x 0.2 mm, with a 12 cm
imaging field-of-view, 512 x 512 matrix, 72 slice coverage with
TE 4.92 msec (fat-water in-phase), TR 20 msec, flip angle 50°,
phase right/left, interpolation to 1024 x 1024, and no partial
Fourier. A typical acquisition required 12-14 minutes.
We enrolled 5 participants; one had radiographic OA (ROA)
with occasional symptoms (46 F), two had symptoms without
documented ROA (51 F and 51 F), and two had no documented
ROA or symptoms (47 M and 48 F).
The asymptomatic knees exhibited prominent horizontal trabec-
ulae in the tibial subchondral bone, while the OA knee had
an appearance of disorganized subchondral bone and absent
horizontal trabeculae. Quantitative evaluation of the medial tib-
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ial plateau using Bone Signal Topography (BeST) appeared to
discriminate between the healthy and OA knees (Fig. 1).
Fig. 1. Bone signal topograph.
Conclusions: High quality images of trabecular bone are feasi-
ble using coronal 3T MRIs and have potential to provide qual-
itative and quantitative measures of the subchondral bone in
OA knees. While preliminary, these MR findings are compatible
with disrupted architecture and increased volume of subchondral
bone in OA.
Fig. 1. First year development of BML volume in the medial tibial condyle (left) and joint fluid volume (right). Solid & black squares for surgical (n=32); dashed lines for
non-surgical treatment (n=20).
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Purpose: ACL injuries are common with an annual incidence
of 0.81 per 1000 inhabitants aged 10-64 years. MRI gives the
opportunity to assess bone marrow lesions (BML), suggested to
be a footprint of the injury mechanism. The consequences of
BML in acutely ACL injured knees, or their contribution to the
development of knee OA is not known.
Using quantitative MRI (qMRI), we measured BML volumes and
joint fluid volumes at baseline, 16 weeks, 30 weeks, and 1year
in patients with an acute ACL injury. We compared findings
between knees treated surgically and non-surgically.
Methods: In an RCT of surgical vs. non-surgical treatment of
acute ACL injuries (KANON study) we recruited patients aged
18-35 years, having a high to moderate physical activity level
and a not more than four weeks old ACL rupture in a previously
uninjured knee (n=120). 52 consecutive patients (13 females)
with increased antero-posterior (A-P) laxity (Lachmann grade 2-
3) and a fresh ACL rupture as visualized on MRI were included
in the present study. In addition, 4 healthy, previously uninjured
controls were examined. Randomization was done using fixed
blocks of 20 following a computer generated randomization ta-
ble. 20 patients (5 females) were randomized to non-surgical
treatment and 32 (8 females) to surgical treatment. There were
no differences between the two groups in patient characteristics
such as age, gender, activity level, etc.MRI scans were per-
formed using a 1.5 T imager (Gyroscan, Intera, Philips) with
a circular polarized surface coil. All knees were examined with
a dual-echo turbo spin-echo sequence (tSEPdT2) and a T2-
weighted turbo short tau inversion recovery sequence (tSTIRT2)
in the coronal and in the sagittal views. A quantitative analysis of
MRI was performed where a multi- spectral image data set was
created and computer analyzed.
Four regions of the tibiofemoral joint were assessed: medial and
lateral tibial condyle; medial and lateral femoral condyle. Cross
sectional comparisons of BML and joint fluid volume at different
time points were made with the Mann-Whitney U test.
Results: There were no differences in joint fluid volume or BML
volume for any anatomical region between the two groups at
baseline. At 16 weeks, the surgically treated group had signifi-
cantly more joint fluid (p<0.001) and larger BML volume in the
